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P roduct ivity is of maj or import ance to the cow-ca l f  producer . 
Increas ed product ivity in the cow herd may result in h ighe r  pro f its . 
Environmenta l  s t r es s , on the other hand , can decreas e p roduct ivity and 
pro fits.  Webs t e r  ( 1 9 8 3 )  sugges t ed that an idea l env i ronment supp l ies 
the fo l low ing needs of the animal : therma l comfort , phys ical comfort 
and diseas e contro l. Thermal comfort is s at is f ied when the comb ined 
forces of amb i ent t emper ature , windspeed , re lat ive humidity and 
precipitat ion are at a l evel which do not caus e the anima l discomfort or 
los s o f  p roduct ivity . Phys ica l comfort is achieved when the anima l's 
phys ica l surround ings caus e it no discomfort. D i s e as e  cont ro l is the 
abs ence or  contro l o f  pathogenic organisms through vaccinat ion or 
s anitat ion. Thes e are examp l es o f  ideal circumst ances and many are not 
pract ica l under actua l condit ions. An important point is that 
environment is compos ed o f  many factors wh ich not on ly af f ect an anima l  
direct ly but can a l s o  interact with each other to  lower product ivity. 
This invest igat ion is concerned with four c l imat ic f actors o f  
environment : amb ient temperature , windspeed , precip i t at ion and re l at ive 
humidity. 
Anima l p roduct ivity is a funct ion o f  energy int ake and heat 
product ion ( Young , 1 9 7 9 ) . The body core t emperature must remain 
re lat ive ly con s t ant and this is accomp l ished by regu l at ing the balance 
between heat gain and heat loss . I f ,  due to cl imat ic s tres s , more 
energy is needed to  maint ain homeothermy, less energy i s  avai l ab l e  for 
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product ion . The range o f  ambient temperatures in which the anima l can 
mainta in homeothermy without increas ing i t's rate o f  h eat p roduct ion is 
the zone of the rma l neut ra l ity . The lower border o f  t he zone o f  thermal 
neut ra l ity is  the l ower cr it ical t emperature . Temperatures be low this 
zone cau s e  the anima l to immediat e ly increas e it's rat·e o f  heat 
p roduct ion ( Young , 1 9 7 9 ) . Upper and lower cr it ica l t emperatures are a 
funct ion o f  the degree o f  acc l imat ion o f  an anima l to it's envi ronment . 
Anima l s  acc l imated t o  to  a co ld environment can t o l erate low 
t emperatures  which wou ld stress  a non-acc l imat ed anima l .  However, 
acc l imat ion to  co ld increas es the res t ing metabo l is m  rate res u l t ing in a 
h igher maintenance energy requirement (Young , 1 9 75 ) . I n  sheep , Ames et 
a l . ( 1 9 7 1 )  found that t emperatures above the uppe r  cr it ica l  t emperature 
a l s o  increas e maint enance energy requirement thus l e av ing l e s s  energy 
avai lab l e  for p roduct ion . 
W indspeed af fect s the animal by increas ing the r at e  o f  heat 
los s from the body . The rate o f  heat los s is l arge ly dependent on the 
w ind ve locity and amb ient temperature . Ames  and Ins l ey ( 19 7 5 )  found a 
cub ic re lat ionsh ip between rate o f  heat los s and winds peed . They a l s o  
sugges ted t h e  human w ind -chi l l  index was not us e fu l  f o r  cat t l e  becaus e 
it was deve loped for bare-skinned an ima l s . Webst er ( 19 7 1) found a 
quadrat ic r e l at ionship between heat los s and windspeed . His  est imates , 
however ,  were bas ed on MOOCOW ( Model Ox Obs e rved in Co ld Outdoor 
Weather ) which did not have a haircoat or any other exte rna l ins u l at ion . 
The individua l effect of re lat ive humidity on product ivity is  
d i f f icu l t  to det erm ine becaus e it  is  somewhat dependent on the amb ient 
t emperature ( Ingraham et a l . ,  1 9 7 4 ) . In dairy catt l e , Johns on et a l . 
( 1 9 6 0 )  found that increased ambient t emperature and re l at ive humidity 
caus ed a dec l ine in m i lk product ion . Davis and Mer i l an ( 19 6 0 )  found 
f eed intake and diges t ib i l ity in dairy catt l e  was affected by d i f ferent 
combinat ions o f  amb ient temperature and re lat ive humidity . At high 
t emperatures ,  h igh humidity may act as an ins u l at ive b arrier to 
conduct ive heat los s and increas e s tres s on the anima l ( F indl ay , 19 7 2 ) . 
McDowe l l  ( 1 9 5 8 )  concluded amb ient t emperature had a great er 
e f fect on product ivity than any other c l imat ic f actor . More recent 
res earch , however , has indicated that product ivity is inf luenced to a 
great er ext ent by a comb inat ion o f  c l imat ic factors rather than a 
spec i fic  one ( Ingraham et al . ,  1 9 7 4 ; Young , 1 9 7 9; Ames , 1 9 80 ; Morrison , 
1 9 8 3 ) . I t  mus t be  noted that c l imate affects each individua l 
d i f ferent ly depending on the amount o f  t is sue insu l at ion , external , 
insulat ion and degree o f  acc l imat ion . This s tudy was undert aken to 
det ermine the e ffects of amb ient t emperature , w indspeed , precipitat ion , 
re lat ive humidity and the ir interact ions on tot a l  dige s t ib l e  nutr ient 
(TDN ) intake of the cow during gestat ion , TDN intake o f  the cow dur ing 
l actat ion , TDN int ake of the ca l f  as creep feed and cow e f f iciency . 
POPULAT I ON 
The bas e cow popu lat ion was produced from 1 9 7 0.to 1 9 72 and was 
detai led by Marsha l l  et a l . ( 1 9 7 6 ) . At wean ing, straightbred Angus 
( AA ) , Angus X Charo l ais (AC ) ,  Charo lais X Angus ( CA )  and s traightbred 
Charo l ais ( CC ) he i f ers were random ly al loted to two management groups: 
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pas ture and dry l ot . Thi s  s tudy inc ludes records from 1 9 7 2  through 19 7 9  
for the dry lot group only . 
COW MANAGEMENT 
4 
Cows were random ly as s igned to ind1v idual feed ing s t a l l s  ins ide 
a barn . They were fed we ighed amounts o f  feed twice dai l y  and the ir 
individua l TDN intake was recorded . Cows were we ighed every 28  days ar.d 
each individual ' s TDN int ake was adj ust ed according to the performance 
of her age -breed -par ity contemporary group in the pas ture . They were 
hous ed out s ide in the dry lot and were on ly in the barn at feeding t ime . 
Breeding was by art i f icial  ins em inat ion with Po l l ed Here ford 
s ires us ed during the 19 7 1 ,  1 9 7 2 , 1 9 7 3  and 1 9 7 7  breeding s eas ons . 
S a l ers s ires were us ed in 1 9 7 4  and 1 9 7 8  whi l e  Limous in and S immenta l  
sires were us ed i n  1 9 7 5  and 1 9 7 6  respect ive ly . A f ema l e  was removed 
from the proj ect for the fo l lowing reasons . 
1 .  Fai lure to s ett l e  dur ing her f irs t 
breeding s eason . 
2 .  Palpated reproduct ive abnorma l it ies . 
3 .  Fai lure to wean a ca l f  two cons e cut ive 
years . 
4 .  Phys ical inj ury . 
Otherwis e , fema l es were kept in the herd the durat ion o f  the s tudy . 
CALF MANAGEMENT 
C a lves were a l lowed to nurse twice da i ly when the ir dams were 
f eeding . At night , the calves remained in their dams' feeding stal ls 
where they were individual ly fed we ighed amounts o f  creep ad l ibitum . 
During the day , the ca lves were maint ained together s eparat ed from the 
cows in an out s ide pen with access to wat er and shade . 
DATA C OLLECTI ON 
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A cow -year was a cow' s record in a given yr . A yr extended 
from wean ing of a cow' s previous ca l f  to wean ing of her pres ent c a l f  and 
was part it ioned into thirteen 2 8 - d  per iods . The on ly except ion to this 
was yr 1 9 7 3  which contained twe lve 2 8 - d  periods and one 1 4 - d  per iod . 
F irs t - ca l f  he i f ers were us ed during 1 9 7 2, so  period 1 s tart ing dat e was 
November 1 9 , 1 9 7 1 . A tota l  of 345 cow -year records were avai l ab l e . 
S ince TDN consumpt ion and a l l  c l imat ic variables were measured by 2 8 - d  
per iods , 4 4 8 5  cow -year -period records were us ed in t h e  cow e f f ic i ency 
ana lys is . Cow-year -period obs ervat ions us ed in ana lys is for cow TDN 
consumpt ion during ges tat ion , cow TDN consumpt ion dur ing l actation and· 
ca l f  TDN consumpt ion as creep numbered 19 7 7 , 2 3 7 7  and 1 9 88 respect ive ly . 
Cow condit ion was expres s ed as the rat io o f  c ow weight to 
wither height . Thes e measurements were taken at c a l v ing and weaning . 
Mean we ight for each 2 8 - d  period was the ave rage o f  the beginning and 
ending we ight s . Weight change was the d i f ference between beginning and 
ending we ights each 2 8-d per iod . 
M i lk product ion was measured by the we igh - s uck l e -we igh method . 
C a lves were kept s eparate from the ir dams overnight amd we ighed at 0 7 00 
h .  They were al lowed to nurs e and then rewe ighed . C ows and ca lves 
remained s eparat ed unt i l  160 0 h when the proce s s  was repeat ed . The 
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d i f ference between pre. and pos tnurs ing ca l f  weights was cons idered as 
the cow ' s m i lk product ion and the sum o f  the AM and PM measurements was 
an est imate of 24 h m i lk product ion . Mi lk product ion was measured s ix 
t imes per yr in 197 2 and 1974 through 1 9 7 7 . Mechan i c a l  prob l ems caus ed 
four measures to  be t aken in 197 3 . B ec ause the addit ion o f  a f ifth 
dai ly measure on ly s l ight ly increas es the corr e l at ion w ith 2 10 -d mi lk 
yield (Totus ek et a l . ,  197 3 ) ,  four dai ly measures were t aken in 197 8 and 
1 9 79 .  For thi s  s tudy , m i lk product ion was the sum o f  on ly four dai ly 
measures t aken each yr. 
The fourteenth day of every 2 8 - d  pe r iod was des ignated as the 
middat e . Stage o f  lactat ion was the di f ference , in d ,  between calving 
date and the middate of a 2 8 -d per iod . Feta l  age was es t imat ed by 
rect a l  p a lpat ion and compared to  s ervice dates  to obt a in concept ion 
date . St age o f  gest at ion for a 2 8 -d period was the d i f ference , in �' 
between the middate and concept ion dat e . 
CLIMATI C DATA 
C l imat ic data for Brookings , S . D .  were supp l ied by the Weather 
Res earch group at South Dakot a State Univers ity . Dai ly ambient 
t emperature was the average of the high and l ow t emperature for the 24 h 
period . Dai ly w indspeed and re l at ive humidity was the average o f  
2 4 - hour ly measurement s and dai ly precip itat ion w a s  the amount of  
mois ture accumu l at ed over the 24 h period . Us ing dai ly measurements, 
2 8 -d period amb ient temperature, windspeed and re l at ive humidity means 
were ca l cu l at ed whi l e  2 8-d per iod prec ip i t at ion was the sum of the dai ly 
measurements . 
Cows were kept at the B e e f  Breeding Unit locat ed on the 
northern edge o f  Brookings . C limatic data was co l l ec t ed approximat e ly 
1.6 km eas t o f  the unit . She lterbe lts provided pro t e ction from the 
north and west  with the west ern she l t erbe lt support ing a dens er 
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popu l at ion o f  trees . Both she l terbe lts were compos ed o f  mainly American 
E lm with s ma l l shrubs interming led . The city of Brookings provided s ome 
protect ion from the s outh but no protection was ava i l ab l e  from the east 
until 1975 when the Anima l Science Comp lex was bui lt approximat e ly 150 m 
east o f  the Breeding Unit . No shade was ava i l ab l e in any o f  the 
dry lot s . 
FEEDING OF COWS AND CALVES -- ---- ---
Fo l l owing weaning , heifers born in 197 0 were o f fered 2 . 2 7 kg o f  
corn s i l age ( IFN 3 - 0 8 - 153 ) per head per day and s t art er pe l let I ,  ad 
l ib itum . On May 6 ,  197 1 the s i lage was rep lac ed with 1 . 36 kg o f  chopped 
a l fa l fa hay ( IFN 1 - 00 - 0 6 3 ) and s t art er pe l l et I I  was o f fered ad libitum 
in p l ace o f  s t arter pe l let I .  Compos it ion o f  both s t art er pe l l et s  is 
shown in t ab l e  1 .  From November 9 ,  1971 to c a l v ing e ach heifer was 
o f fered 1 . 3 6 kg of chopped a l fa l fa hay dai ly and 4 . 5 4 to  8 . 40 kg o f  
a l fal fa pe l l e t s  ( IFN 1- 00 - 059 ) depending on her condit ion . Neither 
s t arter pe l l et was given to hei fers weaned in 1971 and 197 2 . Inst ead , 
2 . 7 2 kg o f  chopped a l fa l fa hay and from . 9  to  1 . 86 kg o f  cracked she l l ed 
corn ( IFN 4 - 0 2 - 93 1 )  was o f fered dai ly . Beginning F ebruary 14 , a l l  cows 
rece ived 4 . 0 8 kg o f  chopped a l fa l f a  hay dai ly unt i l  c a lving . Feeding 
regime o f  cows from c a lving 197 2 to weaning 1979 is s hown in t ab l e 2 .  
TABLE 1 .  COMPOSITION OF STARTER PELLETS , % 
Star ter pellet 
Ingredient I II  
Corn cobs 24 . 7  24 . 0  
Oat s  24 . 7  29 . 0  
Alfalfa pellets 24 . 7  12 . 0  
Soybean meal 9 . 1  
Corn 7 . 4  2 7 . 0 
Ho lasses 7 . 4  7 . 0 
Dura bond 1 . 2  1 . 0  
TABLE 2 .  DAILY FEEDING REGIME OF COWS FROM CALVING 19 7 2  
TO WEANING 19 79 
Chopped Cracked 
alfalfa Alfalfa shelled 
hay pellets a corn 
Period (kg) (kg) (kg) 
Calving 19 7 2  to 6/5/7 2 2 . 7  b 1 . 8  
6 / 6/72  to weaning 19 7 2  2 . 7  3 . 6- 8 . 2 1 . 8-4 . 5 
11/17 / 7 2  to 10/31/73 2 . 7  2 . 7- 8 . 2  2 . 3-4 . 5  
11/1/73  to 2/14 / 7 4 2 . 7  4 . 5- 8 . 2  
2 /15/7 4 to 11 /1/ 74 4 . 1  
11/ 2/7 4 to 10/27 / 7 5  4 . 1  
10 / 28/75 to 3/16 / 7 6 4 . 1  
3/17 / 7 6  t o  10/29/76 4 . 1 1 . 9- 9 . 1  1 . 4-4 . 5  
10 /30/7 6 to 10/2 8/7 7  4 . 1 3 . 6- 8 . 6  1 . 4-3 . 2  
10/ 29 / 77 to 10/27 / 78 4 . 1 5 . 4- 8 . 6  2 . 3-3 . 6  
10/ 28 / 78 to 10/26/79 4 . 1  5 . 4-10 . 0  1 . 4-2 . 3 






.9-9 . 5  
.9-9 . 5 
1 . 8-5 . 4 
A l l  cows rece ived chopped a l fa l fa hay . A l f a l fa p e l l e t s  were r ep laced 
w ith ground ear corn ( IFN 4 - 0 2 -849 ) . from February 1 5 , 1 974 to March 1 6 , 
1 9 7 6  becaus e o f  economic reasons . Only lactat ing cows received cracked 
she l l ed corn . Reduced l eve l s  o f  grain were a l s o  o f f ered to 
non - l act at ing cows during breeding s eason . Mine r a l  s upp l ementat ion 
inc luded a 1 : 1  m ixture of dica l c ium phosphate ( IFN 6 - 0 1 - 080 ) and t race 
mineral s a l t  o f f ered ad l ib itum . Trace mineral s a l t  was a lso  o ffered 
free choice . 
Creep rat ions contained cracked corn , oats ( IFN 84 - 03 - 3 16 ) , 
s oybe an o i l  meal (IFN 5 - 04 - 6 12 ) , a l fa l fa pe l l et s , chopped a l f a l f a  hay 
and vitam in A .  Proportionate amounts o f  each ingredient vari ed each 
year . Compos it ion o f  creep rations was dis cus s ed in great e r  det a i l by 
Buck l ey ( 1 982 ) . 
STAT I STI CAL PROCEDURES 
Dependent variab l es studied inc luded TDN intake o f  the cow 
dur ing ges t at ion ( GESTTDN ) , TDN intake of the cow dur ing l actat ion 
( LACTTDN ) ,  TDN int ake of the c a l f  as creep feed ( CREEPTDN ) and cow 
e f f iciency . GESTTDN was the tot a l  TDN consumed by the cow in a 28 -d 
per iod dur ing gest at ion . Ges t at ion inc luded onl y  m id and l at e  
ges tat ion . LACTTDN was the tot al TDN consumed by the cow in a 28-d 
per iod from ca lving to wean ing . CREEPTDN was the tot a l  TDN consumed by 
the ca l f  as creep f eed in a 28 - d  period . Cow e f ficiency was def ined as 
the tot a l  year ly TDN intake o f  the cow and ca l f  divided by the 
unadjust ed wean ing weight of the ca l f . TDN intake o f  the cal f was from 
creep feed on ly . 
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Dry lot cows were not fed ad libitum . The amount o f  f.eed 
o f fe red to an individua l in a 28 -d period was det ermined by the 
performance of her cont emporaries in the pasture the previous period . 
Factors af fecting p e r formance o f  the pas ture group determined the amount 
o f  TDN o ff e red to cows in the dry lot group the fo l lowing 28 - d  period . 
Thus , direct measures o f  the e ffects of  c limat e  on TDN consumption were 
not avail ab le . To o f fs et this , GESTTDN and LACTTDN we r e  ana lyzed using 
independent variab les  measured the previous p e riod . 
Dis crete independent variab les us ed were year ( YR ) , breed o f  
dam ( BOD ) , age o f  dam (AOD ) and s ex o f  ca l f  ( SEX ) . Due t o  experimental  
design , e ach age group was not repres ent ed every yr so AOD was nest ed 
within YR ( AOD ( YR ) ) .  Continuous independent variab l es inc luded previous 
parity (PP ) , cow condition at calving (WTHTAC ) ,  cow condition at weaning 
(WTHTAW ) , weaning age o f  ca l f  (WAGE ) , mi lk production ( M I LK ) , 28 -d / 
period mean weight (MWT) , 28-d period weight change (WTC ) , birth weight 
( BWT ) , s t age o f  lact ation ( LACT) and s t age o f  gest ation ( GEST) . 
C limatic continuous independent variables inc luded linear ambient 
t emperature (TEMP ) , quadratic ambient t emperature ( TEMP2 ) ,  linear 
windspeed (WIND ) , quadratic windspeed (WIND2 ) ,  linear precipit ation 
( PREC ) ,  quadratic precipitation (PREC2 ) ,  linear r e l ative humidity ( HUM ) , 
and quadratic r e l ative humidity (HUM2 ) .  
A pre liminary analysis was per formed using Proc S t epwis e ( SAS , 
1982 ) . Initia l mod e l s  for each dependent variab l e  were the s ame except 
LACT and GE ST were inc luded on ly in the appropriat e mode l s . Independent 
variab l es inc luded in the stepwis e run were BOD , AOD (YR ) , SEX , TEMP , 
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TEMP2 , W I ND , W I ND2, PREC, PREC2 , HUM, HUM2 , WTHTAC , WTHTAW , WAGE , PP , 
MILK , MWT , WTC , BWT , LACT and GEST . Linear by l inear interact ions were 
TEMP X WIND , TEMP X PREC, TEMP X HUM , WIND X PREC, W I ND X HUM and PREC X 
HUM. 
The Co l l in opt ion o f  Proc Reg ( SAS , 1 98 2 ) was us ed to det ermine 
if co l l inear ity exi s t ed between c l imat i c  var iab l es and the ir  l inear X 
l inear and l inear X quadrat ic interact ions . YR X BOD , YR X SEX and the 
quadrat ic e f fects of s tage of gestat ion ( GE ST2 ) and s t age of lactat ion 
( LACT2 ) were added to the appropr iate mode l s  and a s tepdown procedure 
was emp loyed de l e t ing unimport ant ( P> . 20 )  var iab l es . Leas t - squares 
procedures were us ed as out l ined by Harvey ( 1 9 7 6 ) . 
12 
INTRODUCTION 
Anima l  product ivity can often be a f f ect ed by c l imat ic 
condit ions . Hidiroglou and Les sard ( 1 9 7 1 )  and Anders on et a l . ( 1 9 8 3 )  
suggested beef catt l e  maint enance energy requirements were a ffect ed by 
c l imat ic condit ions . Amb ient temperature was found t o  in f luence 
product ivity by Webst er et al . ( 19 70 ) , Young ( 1 9 7 2 )  and Ames et a l . 
( 19 75 ) . Product ivity has a l s o  been shown to be a f fected by w indspeed 
( Webs t e r , 1 9 7 1; B laxter and Wainman , 1 9 64 ) and re lat ive humidity ( Davis 
and Mer i lan , 1 960; Johns on et a.l . ,  1 9 60; Find lay , 1 9 7 2 ) . Ext remes in 
c l imate s uch as b l izzards obvious ly af fect product ivity in a cow - ca l f  
operat ion . However ,  s easona l var iat ion in c l imate can a ls o  a f fect 
product ivity ( S l ee ,  1 9 7 1; Young , 1 9 75; Young , 1 9 8 1 ) . C l imat ic 
condit ions in South Dakota can be quite var iab l e  and the e f f ects of 
c l imate on cow - ca l f product ion are not fu l ly understood . By 
understanding the re lat ive e f fects of c l imate on p roduct ivity , it may be 
pos s ib l e  to imp l ement changes in management to l e s s en the det r imenta l 
e f fects o f  c l imat e . The obj ect ives of  this s tudy were to dete rmine the 
e f fects of ambi ent t empe rature , windspeed , precip itat ion and r e lat ive 
humidity on tota l digest ib l e  nut rient ( TDN ) int ake of t he cow dur ing 
gestat ion , TDN intake of the cow dur ing lactat ion , TDN intake of the 
ca l f  as creep feed and cow e f f iciency . 
MATERIALS AND METHODS 
CATTLE 
Data for this s tudy were taken from phas e two of an ongo ing 
exper iment at South Dakota State Univers ity during 1 9 7 2  to 1 9 7 9 . A 
tot a l  o f  4485 cow -year -pe r iod records were obt ained f rom 345 cow -year 
obs e rvat ions w ith 13 28 -d periods each cow-year. A cow -year was the 
record of one cow in a given yr. Each cow - year cont a ined 13 2 8 -d 
per iods w ith the exception of 19 7 3  which contained 1 2  2 8-d per iods and 
one 14 - d  per iod . Maternal  breed groups used were s t raightbred Angus 
( AA ) , Angus X Charo lais (AC ) , Charo l ais X Angus ( CA )  and s t raightbred 
Charo l ais ( CC ) . Cow-year -per iod obs ervat ions ava i l ab l e  by breed group 
numbered 1 3 7 8  AA , 100 1 AC , 1 209 CA and 89 7 CC. 
Deve l opment o f  the herd from 19 70 through 1 9 7 2  was det a i l ed by 
Marsha l l  et a l. ( 1 9 7 6 ) . Beginning in 1 9 7 2 , hei fers  were randomly 
13 
as s igned to two management groups : pas ture and dry lot . This s tudy is 
concerned with the drylot group on ly . Aft er 19 7 4  no other 2 -yr o ld 
hei fers were added to the herd . A cow was kept in the herd the durat ion 
o f  the study un l es s  she fai l ed to conce ive the f ir s t  b reeding s eason , 
had any palpated reproduct ive abnorma l it ies , did not wean a cal f  two 
consecut ive years or sus t a ined a disab l ing phys i c a l  inj ury . Cows were 
random ly as s igned individual feeding s t a l l s  ins ide a b arn . They were 
o ffered we ighed amounts of feed tw ice dai ly and the r emaining t ime was 
spent in the dry lot . Rat ions inc luded vary ing amounts o f  chopped 
a lfa lfa hay (IFN 1 -00 -06 3) and a lfa lfa pe l l ets ( IFN 1 -00 -05 9 ) . A l l  
408192 
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l actat ing cows were f ed cracked she l led corn ( I FN 4 - 0 2 - 9 3 1 )  whi l e  non 
l actat ing cows were o ff ered reduced l eve l s  of cracked she l led corn 
dur ing the breeding s eas on . Because o f  economic reas ons a l fa l fa p e l l ets  
were r ep l aced w ith ground ear corn ( IFN 4 - 0 2 - 849 ) f rom F ebruary 15 , 1 9 74 
to March 1 6 , 1 9 7 6 . D ica lc ium phosphate ( IFN 6 - 0 1 - 0 80 )
.
and t race m inera l 
s al t  were o ffered ad libitum . Fema les  were weighed every 2 8  d after an 
overn ight s h r ink and an individual's TDN intake was adj us t ed according 
to the per formance of her age -breed -parity contemporary group in the 
pastur e . 
Breed ing was by art i ficia l ins eminat ion w ith Po l l ed Hereford 
s ires us ed in the 1 9 7 1 ,  1 9 7 2 , 1 9 7 3  and 1 9 7 7  br eeding s eas ons . S a l ers 
s ires were us ed in 1 9 7 4 and 19 7 8  whi le Limous in and S imment a l  s ires were 
us ed in 1 9 7 5  and 1 9 7 6  respect ive ly . 
C alves were a l lowed to nurse tw ice dai ly when the i r  dams were 
feed ing . At night , the calves remained in the ir dams ' f eeding s ta l l s 
where they were fed weighed amounts of creep ad l ib itum. C reep rat ions 
inc luded cracked she l l ed corn , oats (IFN 4 - 0 3 - 316 ) , s oybe an o i l  meal 
(IFN 5 - 04 - 6 1 2 ) , al fa lfa pe l l ets , chopped a l fa l fa hay and v i t amin A .  
Dur ing the day , the calves were maintained together s eparated from the 
cows in an outs ide pen w ith access to water and s hade . 
Dry lot catt l e  were kept at the Bee f  Breeding Unit locat ed on 
the northern edge of Brookings . Pas ture catt l e  were kept at the Beef 
Breeding Unit dur ing the wint er and grazed improved p asture dur ing the 
summer l ocated approximat e ly 2 . 4 km west of the unit . At the Breeding 
Unit , she l t erbe lts  prov ided protect ion from the north and w e s t  with the 
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western she l t e rbe lt  support ing a denser populat ion o f  t rees . Both 
s he lt erbe l t s  were compos ed l arge ly of Amer ican E lm w ith sma l l shrubs 
int erm ing l ed . The c ity o f  Brookings provided s ome p rot ect ion from the 
s outh but no p rot ect ion was ava i l ab l e  from the east unt i l  1 9 75 when the 
Anima l Science Comp l ex was bui lt approximate ly 1 5 0  m east o f  the 
Breed ing Unit . No shade was avai l ab l e  in any o f  the dry lots and no 
s hade or w indbreaks were ava i l ab l e  in the pasture . Dur ing the winter 
both groups were expos ed to the s ame c l imat ic condit ions . During the 
summer , however , the pasture group was expos ed to mor e  air  movement 
s ince prevai l ing winds were from the wes t . Becaus e TDN consumpt ion o f  
t h e  dry lot group we re adj us t ed so the ir performance wou ld correspond t o  
t h e  per formance o f  t h e  pasture group , TDN consumpt ion o f  t h e  dry lot cows 
were l arge ly inf luenced by c l imat ic condit ions in the pastur e . 
TRAI T  MEASUREMENT 
Cow t raits studied inc luded year ( YR )  and breed o f  dam (BOD ) . 
Due to exper iment al des ign , each age group was not r ep r e s ent ed every yr 
so age of dam (AOD ) was nes ted within YR ( AOD ( YR ) ) .  M i lk product ion 
( M I LK )  was measured by the weigh - s uckle -we igh method . C a lves were kept 
s eparat e  from the cows overnight and weighed at 0 7 00 h .  They were 
a l lowed to nur s e  and then rewe ighed . Cows and c a lves r emained s eparated 
unt i l  1 6 0 0  h when the proces s was repeated . The d i f f er ence between pre 
and pos tnurs ing ca l f  weights was cons idered as the cow ' s m i lk yie ld and 
the sum o f  the AM and PM measurements was cons idered as an est imat e o f  
24 h m i lk y ie l d . M I LK was de f ined as the sum o f  four dai ly measures 
each yr . 
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Mean we ight (MWT) was the average o f  beginning and ending 
weights each 28 - d  per iod . Weight change (WTC ) was the d i f fe r ence 
between beginning and ending we ights each 2 8 - d  per iod . Cow condit ion 
was expres s ed as the rat io of cow weight to wither height . WTHTAC was 
the rat io of cow we ight to wither height measured at c a lving whi le 
WTHTAW was the rat io o f  the s ame measures t aken at wean ing . Previous 
parity ( PP )  was coded 1 for cows having weaned a ca l f  the p revious yr 
and 0 for open cows the previous yr . The fourteenth d o f  every 28-d 
per iod was des ignat ed as the middate . St age o f  l actat ion ( LACT ) was the 
d i f ference , in d ,  between calving date and the middat e o f  a given 2 8-d 
per iod . Fet a l  age was est imated by recta l pa lpat ion and compared to 
s ervice dat es to obt ain concept ion date . Stage o f  ges t at ion (GE ST )  was 
the d i f ference , in d ,  between the middate and concept ion dat e . GESTTDN 
was the tot a l  TDN consumed by the cow in a 2 8-d per iod dur ing mid and 
l ate ges tat ion . LACTTDN was the tot al  TDN consumed by the cow in a 2 8-d 
period from ca lving to weaning . Cow e f f iciency was de f ined as the tot a l  
year ly TDN intake o f  the cow and ca l f  divided b y  the unadj u s t ed weaning 
we ight of the ca l f . TDN int ake o f  the c a l f  was from creep feed on ly . 
C a l f  t raits s tudied inc luded s ex of ca l f  ( SEX ) , wean in g  age (WAGE ) in d ,  
and b i rth we ight ( BWT ) measured within 24 h after b irth . C REEPTDN was 
the tot a l  TDN consumed by the ca l f  as creep dur ing a 2 8 - d  p e riod . 
C l imat i c  dat a were supp l i ed by the Weather Research group at 
South Dakot a Stat e  Univers ity and co l l ected approximate ly 1 . 6  km east o f  
the Bee f Breeding Unit . Dai ly amb ient temperature was the average of 
the high and l ow t emperature for the 24 h period . Dai ly windspeed and 
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r e l at ive hum idity was the average o f  24 hour ly measurem ents and dai ly 
prec ip it at ion was the amount o f  moi s ture accumu l at ed over the 24 h 
period . Us ing dai ly measurements , 2 8 -d per iod means were calcu l ated for 
amb ient t emperature ( TEMP ) , windspeed (WIND ) and r e l at ive humidity (HUM )  
whi l e  28 - d  period precip itat ion (PREC ) was the sum o f  t h e  dai ly 
measurement s . Var iab l e  codes and the ir de f init ions are shown in tab l e  
3 .  
STATISTICAL ANALYSIS 
D ep endent var iab l es s tudied inc luded GESTTDN , LACTTDN , CREEPTDN 
and cow e f f ic i ency . Cow -year -per iod obs ervat ions us ed in GESTTDN , 
LACTTDN , CREEPTDN and cow e f fic iency ana lys is numb e r ed 1 9 7 7 , 2 3 7 7 , 1 9 8 8  
and 4485 respect ive ly . A direct est imate o f  the e f fects o f  c l imate on 
cow TDN consumpt ion was not avai lab l e  s ince the amount o f  f eed o f fered 
to an individual was det ermined by her cont emporaries per formance the 
previous 2 8 - d  per iod . Whatever factors affected her p as ture 
cont emporaries per formance in a 2 8 - d  per iod det e rm ined the amount o f  
feed she was o f fered the fo l lowing 2 8 - d  per iod . To o f f s et this , GE STTDN 
and LACTTDN were analyzed us ing independent var iab l e s  measured the 
previous 2 8 - d  per iod . 
I n  two dimens ional graphs , po ints on the l ine were generated by 
ho lding a l l  variab l es , except the one in quest ion , at their mean values . 
Three dimens iona l graphs were generated in the s ame manner except the 
part ial  regres s ion coef f icients were obtained by removing c l imat ic 
variab l es not under cons iderat ion from the fin a l  mode l and reana lyz ing . 






























TABLE 3 .  VARIABLE CODES AND DEFINITIONS 
Definition 
Dependent 
Total TDN consumed in a 28-d period 
gestation 
Total TDN consumed in a 28-d p erio d  
lac tation 





TDN required to produce 1 kg weaning weight 
Independent 
Year 
Breed of dam 
Sex of calf 
Age of dam nested within yea r  
28-d period mean temperature 
Quadratic 28-d per iod mean tempera ture 
28-d period mean windspeed 
Quadratic 28-d p er iod mean windsp eed 
28-d per iod total prec ip i tation 
Quadratic 28-d per iod total precipita tion 
28-d period mean relative humidi ty 
Quadrat ic 28-d per iod mean rela tive humidi ty 
Weight:height ratio of cow at weaning 
Weight:height ratio of cow at calving 
Weaning age of calf 
Previous parity 
l1ilk production 
28-d period cow mean weight 
28-d per iod cow weight change 
Bir th weight of calf 
Stage of lac tation 
Quadrat ic stage of lac ta tion 
Stage of gestation 




A l l graphs were generat ed within the range of actua l va lues found in the 
dat a . 
A pre l iminary ana lys is was performed us ing a s t epwi s e  procedure 
( SAS , 1 9 8 2 ) .  I n it i a l  mode l s  for each dependent var iab l e  were the s ame 
except LACT and GEST were inc luded on ly in the approp r i at e  mode l s. 
Effect s inc luded in the stepwise run were BOD , AOD ( YR ) , SEX , TEMP , 
quadrat ic temperature ( TEMP2 ) ,  WIND , quadrat ic w indspeed (WIND2 ) ,  PREC , 
quadrat ic precipitat ion ( PREC2 ) ,  HUM , quadrat ic r e l at ive humidity 
( HUM2 ) ,  WTHTAC , WTHTAW , WAGE , PP , MILK ,  MWT , WTC , BWT , LACT and GEST . 
A l s o  inc luded were l inear X l inear interact ions of TEMP X WIND, TEMP X 
PREC , TEMP X HUM , W I ND X PREC , WIND X HUM and PREC X HUM . 
The Co l l in opt ion of Proc Reg ( SAS , 1 9 8 2 ) was us ed to  det ect 
pos s ib l e  co l l inear ity exist ing between c l imat ic variab l es and the i r  
l inear X l inear and l inear X quadrat ic int eract ions . Quadrat ic s t age of 
ges tat ion ( GEST2 ) ,  quadrat ic stage of l actat ion ( LACT2 ) ,  YR X BOD and YR 
X SEX were then added to the appropr iate mode l s  and a s t epdown p rocedur e  
was emp loyed de l et ing unimportant ( P> . 20 )  variab les  us ing l east - s quares 
procedures as out l ined by Harvey ( 19 7 6 ) . Fina l mode l s  are shown in 
t ab l e  4 .  
Becaus e Brit ish and Cont inent al  breed groups w e r e  r epres ented , 
BOD was eva luat ed without WTHTAW , WTHTAC , MILK , MWT and WTC in the 
mode ls .  Thes e  covar iat es were removed s ince they may repres ent part o f  
breed differences . 
Predict ion equat ions for GESTTDN , LACTTDN and CREEPTDN were 
obt ained from the ir  respect ive final mode l s . To enab l e  the use of the 
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TEMP x WIND 



































� Def i n i t io n s  of codes found in table 3. 
A = P<. 00 1. c d X = P>.35. 


















p redict ion equat ions for breeds of catt le  other than tho s e  found in this 
s tudy , BOD subc l as ses were rec l as s ified by b io logica l type . AA cows 
were cons idered as s t raightbred Brit ish type ( BRIT X BRI T )  and CC as 
s tr aightbred Cont inent al type ( C ONT X CONT ) .  AC and C A  cows were 
cons idered as British X Cont inental (BRIT X CONT ) and Cont inent a l  X 
Br it ish ( CONT X BRI T )  types respect ive ly . Produce r - o r i ent ed procedures 
were deve lop ed to e s t imat e average dai ly TDN cons umpt ion dur ing 
gest at ion and l act at ion . Addit ive adj us tment factors were c a l cu l at ed 
us ing cons tant e s t imates  from predict ion equat ions for GESTTDN and 
LACTTDN . A nomogram was constructed according to  procedures out l ined by 
Richards ( 1 9 6 6 )  to y i e l d  the correct adj us tment f actor for any 
comb inat ion o f  t emperature and windspeed dur ing gestat ion . 
RESULTS AND D I SCUS S I ON 
Res u lts  f rom the co l l inearity diagnost ics ind i c at ed no 
dependenc ies between c l imat ic var iab l es. However ,  co l l inear ity was a 
p rob l em w ith int e ract ions between c l imat ic var i ab l es . A l l  l inear X 
quadrat ic and mos t  l inear X l inear interact ions s howed s trong 
dependenc ies . Only TEMP X WIND and TEMP X PREC cou l d  b e  us ed in 
st epdown ana lys i s . 
GE STTDN 
2 2  
Means and s t andard deviat ions o f  cow and c a l f t r a its a r e  shown 
in t ab l e  5 .  Leas t -squares means and part i a l  regress ion coe f ficients for 
a l l  f ina l mode l s  are found in t ab l e  6 .  The f in a l  mode l for GESTTDN 
( tab l e  4 )  inc luded YR , ·  B OD , AOD (YR ) ,  YR X BOD , TEMP, WIND , WTHTAW , PP , 
MWT , GEST2 ( a l l  P< . 00 1 ) and WTC ( P<.OS ) .  D i f ferences in MWT ( b  = -.06 ) 
and WTC ( b  = - . 04 )  between adj acent 28 - d  periods were too sma l l to be o f  
any pract ical  import ance . S ince it is general ly accept ed that TDN 
consumpt ion is posit ive ly re lated to MWT and WTC , the negat ive part i a l  
regres s ion coe f f i c i ents were probab ly due to t h e  inf luence o f  other 
variab l es in the mode l . PP ( b  = 4 . 3 ) had no pract ical inf luence on 
GESTTDN e ither . Cows in higher condit ion at wean ing consumed more TDN 
(b = 18.6 9 ) in a 28 -d per iod dur ing ges t at ion than t hose in lower 
condit ion . F igure 1 shows the r e l at ionship between GEST and GESTTDN . 
TDN consumpt ion decreas ed as gestat ion advanc ed from d 93 to 
approximate ly d 143. B etween d 144 and 1 9 3 , l itt l e  change in TDN 
consumpt ion was found . After d 1 9 3  TDN consumpt ion inc reased 
TABLE 5 • MEANS AND STANDARD DEVIATIONS 
OF COW AND CALF TRAITS 
Variable a 
GESTTDN , kg/ 28 d 
TEMP , C/ 28 d 
WIND , km/h/ 28 d 
MWT ,  kg / 28 d 
WTC , kg / 28 d 
LACTTDN , kg / 28 d 
HWT ,  kg / 28 d 
WTC , kg/ 2 8  d 
TEMP , C/ 28 d 
WIND , kg /h/ 28 d 
PREC , cm/ 28 d 
CREEPTDN , kg / 28 d 
WTC , kg /28 d 
TEMP , C / 28 d 
WIND , km/h/ 28 d 
PREC , cm/ 28 d 





Cow ef ficiency , kg /kg 
WTHTAW , kg /  em 
WTHTAC , kg / em 
WAGE , d 
MILK , kg/ 4  d 
BWT , kg 
Mean 
147 . 2  
-6 . 3 
1 3 . 9  
46 2 . 0  
1 . 6 
204 . 4  
45 6 . 7  
1 . 1  
15 . 4  
12 . 7  
5 . 9  
34 . 3  
4 . 9 
16 . 7  
12 . 1  
6 . 0  
64 . 8  
1 1 . 0  
4 . 0 
3 . 8  
203 . 6  
22 . 3  
3 . 0 
a Def init ions of variables are found in 
tabt,e 3 .  
Period of time from weaning o f  previous 
calf to calving. 
SD 
30 . 1  
7 . 1  
2 . 7  
53 . 1  
2 1 . 9  
33 . 6  





29 . 0  
1 8 . 6  
4.9 
2 . 6  
3 . 8  
8 . 5 
1 . 5 
. 3  
. 3  
16 . 2  
5 . 7  
5 . 4  
c Per iod of time from calving to weaning of 
pregent calf . 
Period of time creep feed was of fered .  e Period of time from weaning of previous 

















(L inear b) 
TEMP2 




(Quadrat ic b) 
LEAST-SQUARES MEANS, PARTIAL REGRESSION COEFFICIENTS AND STANDARD ERRORS 




LACTTDN CREEP TON e f f ic iency 
(kg) (kg) (kg) (kg/kg) 
*** *** *** *** 
163.83 ± 1.58 225.88 ± 2.05 27.82 ± 1 . 81 1 2.75 ± .OS 
164. 31 ± 1.40 230. 28 ± 2.04 30 . 11 ± 1.47 12.45 ± .05 
146 . 45 ± 1.18 2 15 . 63 ± 2.0 1 37 . 60 ± 1 . 38 10.38 ± .04 
128. 37 ± 1.05 223 . 31 ± 1.89 27.10 ± 1 . 26 10 .14 ± .04 
113 . 34 ± 1. 06 227.88 ± 1 . 84 23.61 ± 1. 16 1 0.68 ± .0 3 
144 . 62 ± 1 . 22 217 . 53 ± 1.74 35 . 06 ± 1 . 16 11.26 ± . 04 
1 18 • 14 ± 1 .  24 205.46 ± 2.38 28.63 ± 1.48 9.85 ± .OS 
142 .  90 ± 1 .  79 225.49 ± 2 . 47 42.34 ± 1 .46 1 1.30 ± .06 
*** *** 
32.78 ± .80 10 . 71 ± . 01 
30.29 ± .80 1 1 .49 ± . 0 2  
*** *** 
-.42 ± . 07 4 . 07 ± .62 . 16 ± . 18 
*** 
-.08 ± . 02 
*** ** *** 
1 . 47 ± . 16 2.40 ± .77 .96 ± .23 
*** 





















(L inear b) 
MWl' 
(Linear b) 
TABLE 6 CONTINUED 
Cow 
GESTTDN LACTTDN CREEPTDN e f f ic iency 
(kg) (kg) (kg) (kg/kg) 
*** *** 
.88 ± .22 2.67 ± .42 
*** *** 
-. 34 ± .02 -.09 ± .02 
-.06 ± .09 
*** 
.03 ± .004 
*** *** *** 
18.69 ± 2.05 36. 07 ± 3.45 .89 ± .08 
*** 
�-57 ± .07 
*** *** *** 
. 16 ± .04 -.22 ± .03 -.04 ± .00 1 
*** *** 
4. 30 ± .99 .14 ± • 04 
*** *** *** 
.77 ± . 1 1  -.4 1 ± .07 -.07 ± .002 
*** *** 
-.06 ± .0 1 ' -. 16 ± .02 N 
L/1 
TABLE 6 CONTINUED 
GESTTDN 
Eff ect (kg) 
WTC * 








(Linear b) .3 1 ± .0 1 
GEST2 *** 
(Quadratic b) .004 ± .0002 
TEMP x WIND 
(Linear b) 
TEMP x PREC 
(Linear b) 
a 
Definitions of codes found in table 3. 
* P< .05. 





-.07 ± .03 
*** 
-. 17 ± .0 1 
*** 
-.003 ± .0003 
*** 




.07 ± .02 
*** 
.43 ± .08 
*** 
.51 ± .0 1 
** 
.0005 ± .0002 
*** 
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Figure 1. Effect of stage of gestation on total TDN consumption 
in a 28-d period during gestation . · 
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dramat i ca l ly . Thi s  may have been due to fet a l  growth s ince the shape of 
the curve a ft e r  d 1 7 3  corresponded to the fet a l  growth curve proposed by 
Ferre l l  et a l. ( 19 7 6 ) . Changes in TDN consumpt ion over 2 8 -d interva ls 
were impor t ant espec ia l ly after d 1 9 3 . 
TEMP was, for the mos t  part , unimportant ( b  = - . 42 )  in 
a ffect ing TDN intake during a 2 8 - d  period. Thi s  was not surpris ing 
s ince a l l  actua l t emperatures in the datas et were within upper and lower 
critical  temperatures e s t imated by Webs t e r  ( 1 9 70 ) , Young ( 1 9 7 3 ) , Webster 
( 1 9 7 4 )  and Fuquay ( 198 1 ) . TDN intake increas ed l inear l y  w ith decreas ing 
TEMP which agreed with H ironaka and Peters ( 19 69 ) , Webs t e r  et a l. 
( 1 9 70 ) ,  and Young ( 1 98 1 )  but dis agreed with M i l l igan et a l .  ( 1 9 74 ) . 
On ly l arge changes o f  15  C or more between adj acent 2 8 -d per iods 
produced important changes in TDN intake . The sma l l  p art i a l  regres s ion 
of GE STTDN on TEMP may r e f l ect gradua l changes in TDN int ake due to 
accl imat ion (Webs t er , 1 9 70 ;  Young , 19 7 5 ; Young , 1 9 7 9 ) . 
TDN int ake increas ed l inear ly with increas ing W I ND . WIND was 
impo rtant (b = 1 . 4 7 )  in a ffect ing TDN intake when d i f fe rences between 
adj acent 2 8 - d  per iods were 4 Km/h or greater . As s um ing TDN intake 
re f l ects heat exchange , a l inear r e l at ionship ex isted between WIND and 
heat los s dur ing gest at ion . This did not agree w it h  results  obt ained by 
Webs ter ( 1 9 7 1 )  and Ames and Ins ley ( 19 75 ) , who found quadrat ic and cub ic 
re lat ionships , respect ive ly , between windspeed and rate o f  heat los s . 
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LACTTDN 
Vari ab les  in the final mode l for LACTTDN ( t ab le 4 )  inc luded YR, 
BOD , TEMP2 , PREC2 , WTHTAW , WAGE , M I LK , MWT ,  LACT2 , TEMP X WIND ( a l l 
P< . 00 1 ) , WIND and WTC (both P< . 0 1 ) . Cows in h ighe r  condit ion at weaning 
( b  = 3 6 . 07 )  consumed more TDN in a 2 8-d per iod than thos e in lower 
condit ion whi ch agreed w ith Hohenboken et a l . ( 1 9 7 3 ) . Onl y  dif ferences 
in WAGE (b = . 16 )  of 40 d or more res u l t ed in importan t  changes in TDN 
consumpt ion . Higher m i lking cows ( b  = . 7 7 ) , on the ave r age , consumed 
more TDN in a 2 8 - d  per iod than lower mi lking cows . MWT ( b  = - . 1 6 ) had 
import ant e f fects on TDN consumpt ion but it is doubt fu l that heavier 
cows consumed l e s s  TDN in a 28-d period . The negat ive partial 
regres s ion coe f f ic ient was probab ly due to the inf luence o f  other 
var i ab l es in the mode l . LACTTDN increas ed l inear ly w ith increas ing WTC 
( b  = . 07 ) , but we ight changes between adj acent 2 8-d per iods were too 
smal l to be o f  any pract ical import ance. F igure 2 shows the 
re l at ionship between LACT and LACTTDN . TDN consumpt ion increased during 
the f i r s t  third of l actat ion and decreas ed the l as t  two-thirds . The 
shape o f  the curve corresponded with thos e of  Ne idhardt et a l . ( 19 7 9 )  
and Chenette and Frahm ( 1 9 8 1 ) , indicat ing TDN intake may re f l ect m i lk 
product ion . 
The r e l at ionship between PREC and LACTTDN is s hown in f igure 3 .  
Genera l ly ,  d i f f erences in PREC between adj acent 2 8-d per iods within the 
range of 3 to  1 1  em were not important in af fect ing TDN consumpt ion . 
PREC va lues outs ide o f  this range did have important e ffects on TDN 
consumpt ion but were l ess accurat e ly est imat ed due to fewer 
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F igure 2 .  Effect o f  st age of lac t at ion on total TDN consumpt ion 
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Figure 3. Effect of 28-d total precipitation on total TDN consumption in a 28-d 




A three dimens iona l graph was prepared to  demonst rat e the TEMP 
X W I ND interact ion ( f igure 4 ) . At low W I ND ( 4  km/h ) , change s  in TEMP 
showed a near l y  l inear pos it ive re l at ionsh ip with TDN consumpt ion . This 
was not in agreement w ith Davis and Meri l an ( 19 60 )  and Young ( 19 8 3 ) ,  who 
found a negat ive re l at ionship between tempe r ature and f eed int ake . At 
h igher W I ND ( 1 9 km/ h )  the trend was revers ed with changes in TEMP 
showing l itt l e  e ff ect on TDN consumpt ion up to app roximat e ly 7 C .  TEMP 
h igher than 7 C p roduced a dec l ine in TDN consumpt ion . I ncreas ing W I ND 
at low tempe r atures brought abo�t an increas e in TDN consumpt ion but at 
h igher TEMP , increas ing WIND caused TDN consumpt ion to decreas e .  Such 
ext reme r anges o f  TEMP and WIND were not found between adj acent 2 8 - d  
per iods i n  the actual data a l though d i f ferences s u f f i c i ent to make TEMP 
and WIND important inf luences on LACTTDN did occur . H igh TEMP ( 23 C )  
comb ined with high W I ND ( 1 9 Km/ h )  appeared t o  pres ent a $ t r e s s fu l  
s ituat ion a s  indicated by a marked decreas e i n  LACTTDN . A i r  movement 
usua l ly radiates heat away from the body , but when the t empe r ature o f  
the moving a i r  approaches body temperature , the ab i l ity o f  the moving 
air to r ad iate heat away from the body sur face i s  great l y  r educed . When 
the t emperature o f  the moving air exceeds that o f  the anima l , it can 
caus e heat s t re s s  ( Ba l l ing , 1 9 79 ; Fuquay , 1 9 8 1 ) . Low TEMP ( - 1  C )  
comb ined with low W I ND ( 4  Km/h )  a l s o  appeared t o  b e  a s tr es s fu l  
s ituat ion a s  ind icat ed by a sharp decrease i n  LACTTDN . No exp l anat ion 
for this was read i ly apparent . 
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Figure 4 .  Eff ect o f  28-d average t emperature and windsp eed on total 
TDN consumpt ion in a 28-d per iod during lactat ion . 
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CREEPTDN 
The f ina l mode l for CREEPTDN ( t ab le 4 )  inc l uded YR , SEX , YR X 
BOD , W I ND2 , PREC2 , HUM2 , WAGE , MILK ,  WTC , BWT , TEMP X PREC ( a l l  P< . 00 1 ) , 
AOD ( YR ) , LACT2 , (both P< . 0 1 ) , BOD and TEMP . B u l l c a lves , on the 
average , consumed 8% more TDN in a 2 8 - d  per iod than did he i fe r  ca lves . 
A lthough the part i a l  regres s ion coef fic ient for WAGE was negat ive (b = 
- . 2 2 ) , it was pos itive ly corre lated with TDN consumpt ion ( r  = . 12 )  
ind icat ing o lder ca lves at weaning consumed more TDN in a 2 8 - d  period . 
The negat ive part ial  regres s ion. coe f f ic ient was due to the inf luence of 
the other independent variab l es in the mode l . C alves with higher 
mi lking dams ( b  = - . 4 1 )  consumed l e s s  TDN in a 2 8 - d  period which agreed 
with Lusby et a l . ( 1 9 7 6 ) , Marsha l l  et a l . ( 19 7 6 )  and B art l e  et a l . 
( 19 84 )  but not with Chr ist ian et al . ( 1 9 65 ) . D i f ferences in WTC (b = 
. 0 7 )  were too sma l l  to be of  any pract ical  importance . Heavier ca lves 
at b irth (b = . 43 )  consumed , on the average , more TDN in a 2 8 - d  period 
which was in agreement with Lusby et a l . ( 19 7 6 )  and Hohenboken et al . 
( 19 7 3 ) . F igure 5 shows the r e l at ionship between LACT and CREEPTDN . 
A lthough a quadrat ic curve was fitted , CREEPTDN increas ed a lmos t  
l inear ly w i t h  LACT . 
F igure 6 s hows the r e l at ionship between WIND and CREEPTDN . 
This re l at ionship agreed with Webs ter ( 1 9 7 1 )  but d i s agreed with Ames and 
I ns ley ( 1 9 7 5 ) . Changes in WIND between 4 and 1 2  km/ h  s howed neg l igib le 
e f fects on TDN consumpt ion . Above 9 km/ h  TDN consumpt ion inc reas ed with 
increas ing WIND . On ly changes in WIND o f  5 km/h or more between 










1 0 0 
9 5  
8 0 
8 5  
8 0  
7 5  
7 0  
6 5  
6 0  
5 5 
5 0 
4 5  
4 0  
3 5  
3 0  
2 5  
2 0 
1 5  
1 0  
5 
35 
1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 2 2 2 2 
5 5  6 6 1 1 8 8 9 9 o o 1 1 2 2 3 3 4 4 5 5  6 6 1 1 8 8 · 9 9 o o 1 1 
0 5 0 5 0 5 0 5 0 5 0 5 0 5 0 5 0 5 0 5 0 5 0 5 0 5 0 5 0 5 0 5 0 5 
L A C T, days 
F igure 5 .  Ef f ect of st age of lactat io n on  total TDN c o n sumpt io n  of the 
calf as creep feed in a 2 8-d per iod. 
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The re l at ionship between CREEPTDN and HUM is s hown i n  f igure 7 .  
Changes in HUM between adj acent 28 -d periods had l it t l e  e f fect on TDN 
consumpt ion between 60  and 7 0% r e l at ive humidity . A negat ive 
re l at ionship was found between CREEPTDN and HUM f rom 45 to 6 0% re l at ive 
humidity , but above 7 0% ,  thei r  r e l at ionship was pos it ive . Changes o f  5% 
or more in HUM between adj acent 2 8 - d  periods produced import ant changes 
in TDN consumpt ion . 
An important interact ion existed between TEMP and PREC as is 
shown in f igure 8 .  At l ow leve l s  of PREC ( 1  - 3 em) , changes in TEMP 
were not import ant . However ,  at h igh PREC ( 8 - 1 8  em ) , increas ing TEMP 
produced important changes in CREEPTDN . Changes in PREC , at low TEMP ( 2  
- 7 C ) , a f fected TDN consumpt ion a lmost l inear ly . Low TEMP ( 2  C )  
combined with h igh PREC ( 18 em) appeared t o  pres ent a s t res s fu l  
s ituat ion a s  TDN consumpt ion increas ed dramat ica l ly .  H igh TEMP ( 2 3  C )  
and high PREC ( 1 8 em ) a l s o  appeared to be a s t res s fu l  s ituat ion as 
indicat ed by l owered TDN consumpt ion . 
The e f fects o f  c l imate on CREEPTDN may have been l e s s ened 
s omewhat by the management regime s ince the ca lves were hous ed in a barn 
at night and g iven acces s to shade dur ing the day . B e c au s e  she l t erbe l t s  
and t h e  barn p rovided protect ion from air movement , t h e  e f fects o f  WIND 
on CREEPTDN may have been reduced . Ca lves were on concrete constant ly 
and this comb ined with protect ion from direct precipitat i on may have 
reduced the e f fects of PREC . Acces s to shade may have reduced the 
ef fects of TEMP but , s ince they had some protect ion f rom the wind , 
reduced air movement may have cance l led out any bene f i t s  o f  shade . 
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Figure 8 .  Eff ect o f  28-d average temperature and 2 8-d t otal 
pr ec ipitat io n on  total TDN co nsumpt io n of the calf 
as creep feed in a 28-d period . 
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C OW EFF I C IENCY 
The f ina l mode l for cow e fficiency ( t ab l e  4 )  inc luded YR , BOD , 
SEX , AOD ( YR ) , YR X BOD , YR X SEX , WTHTAC , WTHTAW , PP , M I LK ,  WAGE and BWT 
( a l l P< . 00 1 ) . Cows wean ing bu l l  ca lves consumed , on the average , . 78 kg 
l e s s  TDN per kg ca l f  weaned than did cows wean ing h e if e r  calves . Cows 
in higher condit ion at calving required l es s  TDN to p roduce a kg of ca l f  
at wean ing ( b  = - . 5 7 )  which dis agreed with Kress et a l . ( 19 69 ) . Cows in 
h igher condit ion at weaning were l e s s  e f f ic ient ( b  = . 8 9 ) . PP was of  no 
pract ical  importance ( b  = . 14 )  in af fect ing cow e f f iciency . H igher 
mi lking cows were , on the average , more e f f icient (b = - . 0 7 ) . This may 
be part ia l ly exp lained by pos it ive corre l at ions found by other 
res earchers between mi l k  p roduct ion and wean ing we ight ( Marsha l l  et a l . ,  
1 9 7 6 ; D inke l and B rown , 1 9 7 8 ; Chenette and Frahm , 1 9 8 1 ) . Higher weaning 
we ight wi l l  increas e the denominator of the e f fic iency equat i on thus 
increas ing cow e f fic iency . Negat ive r e l at ionship s  between mi lk 
product ion and creep consumpt ion have been found by Lus by et a l . ( 1 9 7 6 ) , 
Marsha l l et a l . ( 1 9 7 6 )  and Bart l e  et al . ( 19 84 ) . B ecaus e ca l f  TDN 
int ake as c reep is inc luded in the numerator o f  the e ff i c i ency equat ion , 
decreas ing creep consumpt ion by higher mi lk product ion can increas e cow 
e f f iciency . WAGE (b = - . 04 )  and BWT (b = - . 06 )  h ad important e f fects on 
cow e f f ic iency . Ear l ier calv ing cows tended to b e  more e f ficient 
becaus e o lder ca lves at weaning were genera l ly heav i e r . H igher 
bi rthweight s increas ed cow ef ficiency but s e lect ion for h igher 
b irthwe ights to increas e cow e f ficiency may be counte rp roduct ive due to 
inc reas ed frequency of dystoc ia . 
TEMP , WIND , PREC and HUM dropped out o f  the init i a l  mode l 
dur ing the s t epwis e run s o  c l imate d id not affect cow e ff i c iency . A 
pos s ib l e  exp l anat ion may be that c l imat ic condit ions whi ch af fected 
4 1  
tot a l  year ly cow and ca l f  TDN consumpt ion a ls o  af fect ed wean ing we ight a 
proport ionat e amount . There fore , the rat io o f  cow and c a l f  TDN intake 
to kg wean ing weight was not changed . 
BREED OF DAM -- ---
Remova l o f  covariates usua l ly as soc iat ed with breed d i f ferences 
(WTHTAC , WTHTAW , M I LK ,  MWT and -WTC ) from fin a l  mode l s  caus ed variat ion 
in LACTTDN and GESTTDN due to BOD to decreas e by 4 3 . 8 7% and 8 . 0 7% 
respect ive ly , but increas e for cow e f f iciency and CREEPTDN by 1 2 0% and 
46 . 7 1% respect ive ly . Thes e  f indings were in part i a l  agreement w ith 
Marsha l l  et a l . ( 1 9 7 6 ) , who found variat ion in cow and cal f TDN 
consumpt ion and cow e f f iciency due to BOD increas ed when covari at es 
usua l ly as s o c iat ed w ith breed d i f ferences were removed f rom the mode ls . 
Further eva luat ion o f  ana lys is o f  variance for each mode l indicated 
large amount s  o f  j o int variat ion between the group o f  covar iates removed 
and other independent var iab les in the mode ls . Remova l  o f  covar iates 
common ly as s o c i at ed with breed di fferences increas ed var iat ion in 
LACTTDN due to  YR , TEMP2 , LACT2 and TEMP X WIND , whi l e  var i at ion in 
LACTTDN due to  PRE C 2  decreas ed . Remova l o f  the covari at e s  increas ed 
variat ion in cow e f f iciency due to YR , SEX , AOD (YR )  and BWT whi l e  
var iat ion i n  cow e f f iciency due to P P  and WAGE decreas ed . 
) 
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Leas t - s quares means for BOD subc las s es f rom f in a l  mode l s  are 
shown in t ab le 7 .  Removal of covariates commonly as s o ciated with breed 
d i f ferences resu l ted in neg l igib le  changes in leas t - s quares means ( t ab l e  
8 ) . Further dis cus s ion o f  B O D  wi l l  refer to  t ab l e  8 .  BOD was an 
import ant ( P< . 0 0 1 )  s ource o f  variat ion for GESTTDN and LACTTDN but not 
important ( P< . S S )  for CREEPTON . A lthough BOD showed s igni f icance for 
cow e f f i c i ency , d i f ferences between BOD subc l as s es were too sma l l  to be 
of  any p ract ical importance which agreed with Mars ha l l  et al . ( 19 76 ) , 
Mars ha l l  et al . ( 19 8 4 )  and Wagner et a l . ( 19 84 )  but dis agreed w ith 
Turner et a l . ( 19 74 ) . The relat ive ranking o f  TON consump t i on by breed 
group for GESTTDN and LACTTDN were the s ame . AC cows consumed the most 
TON in a 2 8 -d period whi l e AA cows consumed the l e a s t . Leas t - squares 
means for AC and CC b reed groups were e s s ent ia l ly the s ame during 
ges t at ion and lactat ion . Only d i fferences between AA and AC breed 
groups and AA and CC breed groups were large enough to  be of  any 
pract ical importance . YR X BOD was important ( P< . 00 1 )  for GESTTDN , 
CREEPTON and cow e ff i c iency . 
D i f ferences in TDN consumpt ion , between breed groups , dur ing 
ges t at ion and lactat ion may part i a l ly be exp l a ined by s o l ar rad iat ion . 
Webster ( 1 9 7 0 ) , Webs ter ( 1 9 74 ) , Young ( 1 9 7 9 ) , Fuquay ( 19 8 1 )  and Morrison 
( 1 9 8 3 ) have found amount o f  s o l ar radiat ion to  a l t e r  uppe r  and lower 
crit ica l t emperatures in l ives tock . In this study , coat co lors ranged 
from b l ack (AA )  to white (CC ) . C ros sbred cows were varying shades o f  
gray . B ecaus e b l ack abs orbs whi l e  white ref l ects s o l ar radiat ion , 
darker anima ls may have absorbed more radiant energy thereby lowering 
TABLE 7 .  LEAST-SQUARE S MEANS AND STANDARD ERRORS F OR BREED OF DAM 
CLASSES FROM ANALYSI S INCLUDING COVARIATES 
ASSOCIATED WITH BREED DIFFERENCES 
Cow 
Breed . of GESTTDNb LACTTDN CREEPTDN ef f iciency 
dam a <ks>" (kg) (kg) (kg/kg) 
*** *** *** 
AA 1 36 . 4  ± . 9  2 1 5 . 5  ± 1 . 6 3 1 . 9  ± . 9  1 1 . 0  ± . 0 2 
AC 144 . 4 ± . 9  225 . 3  ± 1 . 6  3 1 . 0  ± . 9  1 1 . 2  ± . 03 
CA 1 38 . 0  ± . 9  2 18 . 8 ± 1 . 5  3 1 . 9  ± . 9  1 1 . 0  ± . 03 
cc 14 2 . 1 ± 1 .  0 226 . 1  ± 1 . 7  3 1 . 3  ± 1 . 0 1 1 . 2  ± . 03 
a AA = Angus x Angus , AC = Angus x Charo lais , CA Charolais x 
Ang�s and CC = Charolais x Charolais . 
Def ini t ions o f  codes found in tab le 3 .  
*** P< . 00 1 . 
TABLE 8 .  LEAST-SQUARES MEANS AND STANDARD ERRORS F OR BREED OF DAM 
CLAS SES FROM ANALYS I S  NOT INCLUDING COVARIATES 
ASS OCIATED WITH BREED DIFFERENCES 
GESTTDNb 
Cow 
Breed of LACTTDN CREEPTDN eff icie ncy 
dam a (kg) (kg) (kg) (kg/kg) 
*** *** *** 
AA 1 35 . 7  ± . 8  2 1 9 . 4  ± 1 . 5  3 1 . 6  ± . 9  10 . 9  ± . 03 
AC 143 . 0  ± . 9  226 . 4  ± 1 . 6  3 1 . 1  ± 1 . 0 1 1 . 2  ± . 03 
CA 1 38 . 9 ± . 9  221 . 9  ± 1 . 6  32 . 3  ± . 9  1 1 . 1 ± . 03 
cc 142 . 2 ± 1 . 0  225 . 8  ± 1 . 7  32 . 2  ± 1 . 0  1 1 . 3 ± . 03 
a AA = Angus x Angus , AC = Angus x Charolais , CA Charolais x 
Anggs and CC = Charolais x Charolais . 
Def i n i tions o f  codes found in tab le 3 .  
*** P< . 00 1 . 
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the ir requirement for heat from metabo l ism o f  f eedstuf f s . Dur ing 
ges t at ion , this may part ia l ly exp l ain why AA cows consumed 6 . 5  and 7 . 3 
kg l es s  TDN in a 2 8 - d  per iod than CC and AC cows r e s pect ive ly . The s ame 
reas on ing may a l s o  parti a l ly exp lain why AA cows consumed 6 . 4  and 7 . 0  kg 
l e s s  TDN in a 2 8 - d  period dur ing l actat ion than CC and AC cows 
respect ive ly . H ighe r  absorbt ion o f  s o l ar rad i at ion by AA cows may have 
s t res s ed them to a great er extent than CC cows thereby l owering their 
TDN consumpt ion . 
PRED ICTION EQUATI ONS 
Predict ion equat ions are shown in tab l e  9 .  A l l  var iab l es weie 
as p revious ly de f ined except quadrat ic e ffects and l inear X l inear 
inte ract ions were r eceded for computat ional purpo s e s  ( t ab l e  1 0 ) . 
Vari at ion in GESTTDN , CREEPTDN and LACTTDN att r ibut ab l e  t o  their  mode l s  
w a s  7 6% ,  7 7% and 4 9 %  respect ive ly . Low s t andard e r rors o f  the est imate 
for GESTTDN , LACTTDN and CREEPTDN ( SE = + 15 . 06 ,  ±24 . 1 7 and + 1 4 . 00 
respec t iv e l y )  indicat ed c los e correspondence between actu a l  values and 
pred icted values but val idat ion on independent s et s  o f  dat a is needed 
( MacNe i l , 1 9 8 3 ) . Average dai ly TDN es t imates can be obta ined by 
d ividing the tot al  e s t imated TDN consumpt ion by 2 8 . Thi s  may be more 
us e fu l  to a produce r  s ince he can mul t ip ly ave rage d ai ly TDN est imates 
by whatever per iod of  t ime that best f it s  his management p rogram . 
Predict ion equat ions ( t ab l e  9 )  may be  t oo cumbe r s ome for most 
producers to  us e .  An alternat ive method of obta in ing ave r age dai ly TDN 
consump t ion est imat es dur ing gestat ion was deve lop ed from the predict ion 
TABLE 9 .  PREDICTION EQUATIONS FOR COW AND CALF TDN CONSUMPTION 
Dependent 
variable Predic tion equat ion 
GESTTDN Y = 59 . 089 + (BODa) - . 425 (TEMP , C) + 1 . 4 7 2  (WIND , 





• 06 (MWT , kg ) - • 04 (WTC , kg ) + . 3 1 1  ( GL , d ) + 
. 004 (GQ , d) 
s = 1 5 . 06 yx 
Y = 140 . 2 3 7  + (BODb ) + 4 . 07 1  (TL , C) - . 08 (TQ , C) 
+ 2 . 405 (WIND , km/h) + . 8 7 7  (PL , em) - . 3 38 (PQ , 
em) + 36 . 073 (WTHTAW , kg/em) + . 16 6  (WAGE , d) + 
. 7 7  (MILK , kg) - . 1 64 QfWT ,  kg ) + . 0 7 1 (WTC , kg ) 
- . 1 7 (LL , -d ) - . 003 (LQ , d ) - . 29 2  (TW C · km/h) 
R2 = . 49 S = 24 . 1 7 yx 
Y = 75 . 7 7 0  + (BODe) + (SEXd) + . 1 59  (TEMP , C) + 
. 96 1  (WL , km/h) + . 1 23  (WQ , km/h ) + 2 . 6 7 2  (PL , 
em) - . 09 1  (PQ , em) - . 056  (HL , %) + . 0 2 6  (HQ , %) 
- . 225 (WAGE , d ) - . 4 1 2  (HILK. , kg ) + . 06 6  (WTC , 
kg) + . 42 6  (BWT , kg ) + . 5 1 3 (LL , d ) + . 0005 (LQ , 
d) - . 1 1 6  (TP , C · cm) 
s 1 4 . 00 yx 
a BRIT x BRIT = 3 . 848 , BRIT x CONT = 4 . 195 , CONT x BRI T = -2 . 220 
and CONT x CONT = 1 . 8 73 . b BRIT x BRIT = -5 . 94 1 ,  BRIT x CONT = 3 . 864 , CONT x BRIT = -2 . 590 ,  
and CONT x CONT = 4 . 66 7 . c BRIT x BRIT = . 366 , BRIT x CONT = - . 563 , CONT x BRI T = . 4 1 7  and 
CO� x CONT = - . 22 1 . 




TABLE 10 . CODES AND CALCULATIONS FOR PARTIAL 
REGRESSIONS AND LINEAR X LINEAR INTER­
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equat ion for GESTTDN and i s  shown in t ab l e  1 1  and f igur e  9 .  I n  order to 
est imate average dai ly TDN consumption for a given s et of condit ions , 
f ind the proper adj ustment factor for each variab l e , sum them and divide 
by 28 . D a i ly measures o f  tempe rature and w indsp eed may be us ed to 
predict ave rage dai ly TDN consumpt ion . To obt ain the p roper adj us tment 
factor for t empe rature and w indspeed ( f igure 9 ) , locate the t emperat�re 
and w indspeed va lues on thei r  respect ive s ca les and draw a l ine between 
them . The point at which the l ine inters ects the cent er s ca l e  is the 
proper adj ustment factor . Mean weight is an individua l ' s average weight 
dur ing mid and lat e  ges t at ion . Weight change is the e s t imat ed change in 
we ight from the beg inning of  mid ges t at ion to calving d iv ided by the 
number of 2 8 - d periods in mid and late ges t at ion . S t age o f  ges t at ion 
may be obtained from an individua l ' s expected c a lv ing dat e  us ing a 
j u l ian c a l endar and the fo l lowing formu l a : 
Stage o f  ges tat ion = 286  - X .  
where : I f  current date = January 1 or later , 
X =  ( expected ca lving date - current date ) . 
I f  current dat e = December 3 1  or ear l ie r , 
X =  ( expected calving dat e - current dat e ) - 3 6 5 . 
Adj ustments for calcu l at ing predict ed ave r age dai ly TDN 
consumpt ion dur ing l actat ion were deve loped from the predic iton equat ion 
for LACTTDN and are shown in tab l e  1 2 . The method o f  calcu lat ion is the 
s ame as was used to  calcu lat e  TDN est imates dur ing ges t at ion . Weaning 
age of the ca l f  may be obtained with a j u l ian ca lendar by s ubtract ing 
the ca l f ' s b i rth dat e from the expect ed wean ing dat e . Mean weight is 
' 
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TABLE 1 1 .  PREDICTION OF AVERAGE DAILY TON 
CONSUMPTION DURING GESTATION USING 
ADDITIVE ADJUSTMENT FACTORS 
Ef fec t 
1 .  Biological type 
BRIT x BRIT 
BRIT x CONT 
CONT x BRIT 
CONT x CONT 






3 .  Previous parity 
Weaned a calf 
Open 







5 .  Weight change (kg) 







Adj us tment 
(kg )  
-3 . 8  
4 . 2  
-2 . 2  
1 . 9  
84 . 7  
79 . 4  
74 . 2  
6 9 . 0  
6 3 . 7  
4 . 3  
0 . 0  
-2 1 . 0  
-24 . 0  
-2 7 . 0  
-30 . 0  
-33 . 0  
-36 . 0  
-3 . 0  
-2 . 0  
- 1 . 0  
0 . 0  
1 . 0 
2 . 0  
3 . 0  
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TABLE 1 1  CONTINUED 
Effect 
6 .  S tage of gestation (d) 
95 
105 
















2 7 5  
285 
295 
Adj us tment 
(kg) 
14 . 1  
8 . 8  
4 . 4  
. 7  
-2 . 2  
-4 . 3  
-5 . 5  
-6 . 0  
-5 . 7  
-4 . 5  
-2 . 6  
. 1 
3 . 6  
8 . 0  
1 3 . 1  
1 9 . 0  
25 . 8  
33 . 3  
4 1 . 6  
50 . 8  
60 . 7  
Calculat ion of  estimated average daily 
TDN consumption 
1 .  Biological type 
2 .  Cond it ion 
3 .  Previous parity 
4 .  Mean weight 
5 .  Weight change 
6 .  S tage of gestation 
7 .  Temperature ,  
windspeed ( f igure 9 ) 
Es tima ted 28-d TDN 
consump tion = ( Sum 1-7)  
+ 59 . 1  
E s t imated average daily 
TDN consump t ion = 
( ( Sum 1-7 ) + 59 . 1 ) / 28 
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Tem pera t u re Adi ustment Wi nds peed 
· c  kg km/ h 
1 5 . 4 7 
6 
1 2 . 8 
8 
9 9 1 0  
1 2  1 0  
6 
1 4  
1 1  
3 1 6  
1 2  
0 1 8  
2 0  1 3  
I 
- 3 
2 2  1 4  
-6 2 4  
1 5  
2 6  
- 9  
2 8  1 6  
- 1 2 3 0  1 7  
3 2  
- 1 5 1 8  
3 4 
- 1 8  1 9  3 6  
F igure 9 .  Nomogram t o  det ermine adj ustments  for t emp erature and 
wind sp eed during gestation . 
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TABLE 1 2 .  PREDICTION OF AVERAGE DAILY TDN CONSUMPTION 
DURING LACTATION US ING ADDITIVE ADJUSTMENT FACTORS 
Adj us tment 
Ef fec t (kg) 
1 .  Biological type 
BRIT x BRIT -5 . 9  
BRIT X CONT 3 . 9 
CONT x BRIT -2 . 6  
CONT x CONT 4 . 7  
2 .  Cow condition at weaning 
Very good 1 6 3 . 4  
Good 1 5 3 . 3  
Average 143 . 2  
Fair 1 33 . 1  
Poor 1 2 3 . 0  
3 .  Weaning age of calf (d ) 
235 40 . 0  
220 3 7 . 4  
205 34 . 9  
1 90 32 . 3  
175  29 . 8  
1 60 2 7 . 2  
4 .  Milk product ion 
Excellent 26 . 0  
Good 2 1 . 6  
Average 1 7 . 2  
Fair 1 2 . 8  
Poor 8 . 4  
5 .  Mean weight (kg ) 
350 -5 6 . 0  
400 -64 . 0  
450 -72 . 0  
500 -80 . 0  
550 -88 . 0  
6 .  We ight change (kg ) 
50 3 . 5 
0 o . o  
-5 0 -3 . 5  
-100 - 7 . 0  
5 1  
4 
) 
TABLE 1 2  CONTINUED 
Effect 
7 .  S tage of lactation (d) 
1 
1 1  
2 1  
3 1  
4 1  
5 1  
6 1  
7 1  
8 1  
9 1  
101  
1 1 1  
1 2 1  
1 3 1  
14 1 
1 5 1  
1 6 1  
1 7 1 
18 1 
1 9 1  
20 1 
2 1 1  










1 0  
1 1  
1 2 
1 3  





Adj us tment 
(kg) 
- 1 1 . 6 
-7 . 8  
-4 . 6  
-2 . 0  
0 . 0  
1 . 4 
2 . 2  
2 . 4  
2 . 0 
1 . 0  
- . 6  
-2 . 8  
-5 . 6  
-9 . 0  
- 1 3 . 0  
- 1 7 . 6  
-22 . 8  
-28 . 6  
-35 . 1  
-42 . 1  
-49 . 7  
-5 7 . 9 
- 1 2 . 5  
-8 . 6  
-5 . 4  
-2 . 9  
- 1 . 1  
. 1  
. 6  
. 3  
- . 5  
-2 . 1  
-4 . 4  
-7 . 3  
- 10 . 9  
- 1 5 . 2  
-20 . 1  
-25 . 8  
- 32 . 1  
-39 . 1  
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TABLE 1 2  CONTINUED 
Effec t  
9 .  Temperature and wind speed 
TemEerature ( C ) 4 
1 -66 . 8  
3 -56 . 6  
5 -47 . 2  
7 -38 . 4  
9 -30 . 2 
1 1  -22 . 6  
13  -15 . 7 
15 -9 . 4  
1 7  -3 . 8  
1 9  1 . 2 
2 1  5 . 5  
23  9 . 2 
7 
-60 . 4  
-5 2 . 1 
-44 . 3  
-37 . 2  
-30 . 8  
-25 . 0  
-19 . 8  
-rs  . 3  
- 1 1 . 4  
-8 . 2  
-5 . 5  
-3 . 6  
Adj us tment 
(kg) 
Winds12eed (km/h) 
10 1 3  
-54 . 1  -47 . 8  
-4 7 . 5  -4 2 . 9  
-4 1 . 5 -3 8 . 6  
-36 . 1 -35 . 0  
-3 1 . 4  -32 . 1  
-27 . 4  -29 . 7  
-23 . 9  -28 . 0  
-2 1 . 1  -27 . 0  
- 19 . 0  -26 . 6  
-17 . 5  -26 . 8  
- 16 . 6  -2 7 . 7  
-16 . 4  -29 . 2  
16 
-4 1 . 4  
-38 . 3  
-35 . 8  
-33 . 9  
-32 . 7  
-32 . 1  
-32 . 1  
-32 . 8  
-34 . 2  
-36 . 1  
-38 . 8  
-42 . 0  
Calculat ion o f  estimated average daily TDN consump tion 
1 .  Biolog ical type 
2 .  Condition 
3 .  Weaning age 
4 .  Milk produc tion 
5 .  Mean we ight 
6 .  Weight change 
7 .  Stage of lac tation 
8 .  Prec ip itation 
9 .  Temperatur e ,  windspeed 
Es t imated 28-d TDN consumpt ion = (Sum 1-9 ) + 140 . 2  
Es timated average daily TDN consumpt ion = 
( ( Sum 1-9 ) + 140 . 2) / 28 
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1 9  
-35 . 1  
-33 . 7  
-32 . 9  
-32 . 8  
-33 . 3  
-34 . 5  
-36 . 3  
-38 . 7  
-4 1 . 8 
-45 . 5  
-49 . 8  




the ave r age we ight of  the cow dur ing l actat ion and we ight change is the 
overal l change in we ight dur ing lactat ion d iv ided by the numbe r  of 2 8 - d  
per iods i n  l actat ion . Stage o f  l actat ion may be c a l cu l at ed by 
s ubt ract ing the calving date from the current dat e . P r ec ipitat ion is 
the tot al  moisture accumu lated the previous 2 8  d .  
I t  may b e  more pract ical to predict ave r age dai ly TDN 
consumpt ion during ges tat ion and l act at ion on a herd bas i s  rather than 
an individual bas is . For predict ed dai ly TDN consumpt ion dur ing 
ges t at ion , the s ame respect ive adj us tment factors ( t ab l e  1 1  and f igure 
9 )  are us ed but cow condit ion at wean ing , previous parity , mean we ight , 
weight change and s t age of  ges t at ion are herd averages . I n  calcu lat ing 
s t age of ges t at i on the average expect ed ca lving dat e for the herd is 
us ed . For predict ed dai ly TDN consumpt ion dur ing l actat ion the s ame 
adj ustment factors ( t ab l e  1 2 ) are used with herd ave rages for cow 
condit ion at wean ing , wean ing age , mi lk product ion , mean we ight , we ight 
change and s t age o f  l actat ion . In calcu l at ing s t age o f  l actat ion and 
wean ing age , the ave rage calv ing date for the herd i s  used . For both 
ges t at ion and l actat ion , the predicted tot a l  dai l y  TDN consumpt ion o f  
the herd is obta ined b y  mu l t ip ly ing the es t imated indiv idua l TDN 
consumpt ion by the number o f  anima l s  in the herd . 
CONCLUS I ONS 
Thi s  cow popu lat ion was s tudied prev ious l y  by Marsha l l  et a l . 
( 1 9 7 6 ) , D inke l and B rown ( 1 9 7 8 )  and Anders on et a l . ( 1 9 83 ) . Many 
e f fect s found to be non - s ign i f icant by tho s e  authors were s igni f icant in 
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this s tudy becaus e F va lues in a l l  mode l s  were inf l at ed due to  s ampl ing 
( 28 -d per iods ) w ithin each cow - year . 
On ly l arge changes in c l imat ic variab les  between adj acent 28 -d  
per iods had important e ffects on GESTTDN , LACTTDN and CREEPTDN . 
Acc l imat ion to co ld was evidenced by a sma l l  l inear t r end o f  incr eas ing 
GESTTDN as TEMP dec l ined . Us ing pred icted 2 8 -d  TDN t ot a ls , s t res s fu l  
s ituat ions w e r e  ident i f ied . High TEMP combined w ith high WIND and low 
TEMP comb ined w ith low WIND dramat ica l ly decreas ed LACTTDN . Calves were 
a l s o  s t res s ed by l ow TEMP comb ined with high PREC and by high TEMP 
combined with h igh PREC as indi cated by sharp incr eas e s  and decreas es in 
CREEPTDN respect ive ly . Cow e f f ic i ency was not af fected by any o f  the 
c l imat ic var iab les . C l imat ic condit ions which a f f ec t ed cow and cal f  TDN 
consumpt ion a f f ected wean ing we ight a proport ionat e amount thereby not 
altering the rat io of tot a l  year ly cow and ca l f  TDN con�umpt ion to kg 
wean ing we ight . D i f ferences in GESTTDN and LACTTDN b etween BOD 
subc las s es may have part ial ly been due to d i f fe rent amounts o f  s o l ar 
radiat ion abs o rbed by the breed groups . 
To m in im ize c l imat ic s t r es s  dur ing co ld weather ,  producers may 
want to p rovide s ome s o rt of wind protect ion for the i r  catt l e . 
Increas ing the amount o f  TDN o f fered is a l s o  advis ab l e  espe c ia l ly after 
storms . Heat s tr e s s  may be a l l eviated somewhat by acc e s s  t o  shade , 
wat er and a i r  movement . 
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SUMMARY 
Data from s t raightbred Angus (AA) , Angus X Charo lais (AC ) ,  
Charo l ais X Angus (CA)  and straightbred Charo l a i s  ( CC ) cows were us ed to 
eva luat e the e f fects of c l imat e on total dige s t ib l e  nut r i ent (TDN ) 
consumpt ion o f  the cow in a 28 -d  per iod dur ing gest at ion (GESTTDN ) , cow 
TDN consumpt ion in a 2 8 -d  period dur ing l actat ion ( LACTTDN ) , ca l f  TDN 
consumpt ion in a 2 8 -d per iod as creep feed ( CREEPTDN) and cow 
e f f ic iency . Cow e f f ic iency was the tot a l  year ly TDN consumed by the cow 
and cal f divided by the unad j us t ed weaning we ight o f  the ca l f  w ith cal f 
TDN consumpt ion inc lud ing creep feed on ly . C l imat i c  var iab l es inc luded 
amb ient t empe rature (TEMP ) , windspeed (W I ND ) , prec ip it at ion ( PREC ) and 
re l at ive humidity (HUM ) . TEMP , WIND and HUM were 2 8 - d  period means 
whi le PREC was the tot a l  moisture accumu l ated in a 2 8 - d  per iod . The 
exper iment a l  unit us ed in ana lys is was the cow -year -period and N = 19 7 7 , 
2 3 7 7 , 1 9 88 and 4485 for GESTTDN , LACTTDN , CREEPTDN and cow e f f ic i ency 
respect ive ly . F va lues in a l l  mode l s  were inf l at ed due to s amp l ing 
( 2 8 -d per iods ) within each cow -year . General ly , on ly l arge changes in 
c l imate between adj acent 2 8 -d per iods res u l t ed in important changes in 
TDN consumpt ion . TEMP and WIND inf luenced GES11DN ( P< . 00 1 ) . LACTTDN 
was a ffected by quadrat ic TEMP ( P< . 00 1 ) , W I ND ( P< . 0 1 ) , quadrat ic PREC 
( P< . 00 1 )  and the TEMP X WIND int eract ion ( P< . 00 1 ) . TEMP , quadrat ic WIND 
( P< . 00 1 ) , quadrat ic PREC ( P< . 00 1 ) , quadrat ic HUM ( P< . 00 1 )  and TEMP X 
PREC ( P< . 0 0 1 )  af fected CREEPTDN . Cow e f f ic iency was not inf luenced by 
any o f  the c l imat ic variab les . Pot ent ial ly s t re s s fu l s ituat ions were 
) 
ident i f ied . H igh TEMP combined with high WIND and l ow TEMP comb ined 
with low W I ND p roduced dramat ic changes in LACTTDN . Low TEMP combined 
with h ign PREC and high TEMP combined with high PREC produced sharp 
changes in CREEPTDN . 
5 7  
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